A method has been devised whereby certain complete restriction digestions can have short overlaps of unique sequence incorporated into the fragments during cloning. Thus one can identify when the DNA fragments are contiguous. Here, this technique is used to produce a contig for a 2.5 kb fragment of genomic DNA. This is a simple approach to ordering digestion fragments without necessarily performing restriction mapping. It is envisaged that this technique will be useful for sequencing cDNAs and small genomic fragments.
The exonuclease/mung bean nuclease nested deletion protocol (1) and primer 'walking' (2) represent the standard but time-consuming methods for sequencing DNA inserts when these inserts are longer than a single sequencing read (reviewed in 3). Another approach is to subclone and sequence the products of a complete restriction digestion of the DNA fragment of interest. These DNA fragments can then be ordered by restriction mapping. Here we suggest a modification of this method which obviates the need for routine restriction mapping. Individual investigators could use this technique to sequence cDNAs or small genomic fragments. In this protocol, DNA is first digested with certain restriction enzymes that are able to cut away from their recognition sites to leave a 5′ overhang (Fig. 1 ). These are a subset of the type IIS restriction endonucleases (reviewed in 4). An example of such an enzyme is HgaI. Digestion of DNA with this enzyme produces DNA fragments with unique ends. Such fragments are easily cloned if the fragments are first filled in with Taq DNA polymerase ( Fig. 1) before TA cloning. This method has two clear advantages. First, the unique ends of the filled-in DNA fragments will overlap between clones that were adjacent in the original DNA, allowing a contig to be deduced without restriction mapping. Thus, if the fragments in the contig are sized, this will produce the restriction map of the enzyme used in the digestion. Secondly, the TA ligation reaction can be expected to be more efficient because neither insert nor vector have self-cohesive ends, making it unlikely that appreciable levels of circularisation or concatamerisation of the insert or vector will occur. In contrast, both insert and vector have self-cohesive ends in standard cloning.
As an example, here we have used the 'overlapping TA cloning' method to derive a contig for a 2.5 kb XhoII fragment of mammalian cAMP phosphodiesterase genomic DNA sequence (G.R. and M.D.H., manuscript in preparation). Approximately 1 µg of the 2.5 kb XhoII DNA insert was excised by restriction digestion and gel purified from the vector fragment (QIAEX II, Qiagen). The insert DNA was then digested with HgaI (NEB) for 1 h at 37_C. The DNA was ethanol precipitated and redissolved in 1× PCR buffer (Promega) and incubated with ∼1 U Taq DNA polymerase (Promega) at 65_C for 10 min. The DNA was re-precipitated and then TA cloned (Original TA cloning kit, Invitrogen). Sequence analysis of positive (white) clones revealed short overlaps of sequence at the ends of these clones which allowed the order of a four fragment contig to be deduced. This contig was subsequently confirmed by PCR analysis ( Fig. 1 ) and sequencing of partial digestion clones (data not shown).
For enzymes with large overlaps and large recognition sequences, such as HgaI (Table 1) , the probability of digestion fragments having ends matching by chance is extremely low. For small pieces of DNA (e.g. gene sequencing) this means that contig assembly will be straightforward because chance overlaps will be rare. A drawback to gene sequencing by overlapping TA cloning, in common with conventional subcloning of digestion fragments, is that the digestion sites may not be well enough placed to obtain all the sequence. However, any enzyme that cuts DNA to give a 5′ overhang beyond its recognition site can be used in this protocol (Table 1) . Thus, the best starting point for overlapping TA cloning would be to use several diagnostic digests to help choose the best enzyme for a given fragment to be sequenced. The protocol described here could be used most appropriately for cDNAs and short genomic sequences. Here we have given an example of overlapping TA cloning for a 2.5 kb fragment. We have not tried to test the method to extremes in size, large scale sequencing efforts rely on sophisticated algorithms to order minimum tiling paths in shotgun clones and this is beyond the scope of the proposed method.
Ordering of digestion clones by restriction mapping can be problematic when these clones are small. Any small clones missed through downstream processing, such as blue/white colour selection for recombinant clones, may be missed altogether, leading to an incorrect contig assembly (2). In the modification of the protocol described here, these fragments will be detected because, at worst, such sites will simply interrupt the contig because there will be no overlap; the size of the interruption may even be gauged by comparison of the length of the two contigs with the length of the original DNA sequence. Furthermore, the sequence ends of any missing fragments could be inferred from the ends of the *To whom correspondence should be addressed at present address: MRC Protein Phosphorylation Unit, Medical Sciences Institute, University of Dundee, Dundee DD1 4HN, UK. Tel: +44 1382 344241; Fax: +44 1382 223778; Email: grena@bad.dundee.ac.uk Figure 1 . Assembly of a contig by overlapping TA cloning. (i) The target DNA was digested with HgaI which digests at a site beyond its recognition site to give a unique 5′ overhang (capitals). (ii) This was filled in by Taq polymerase (non-capitals, arrows) to give two copies of the unique cut sequence, one in each of the restriction fragments. The ends of digestion fragments 1 and 2 (see iv) are shown by way of example. The filling-in reaction produces a unique TTGTG overlap in these contiguous fragments. Taq polymerase also adds a non-template directed A which allowed (iii), TA cloning and sequencing. The short unique overlaps (|) in the digestion fragments allowed them to be correctly orientated and ordered. Inspection of the sequence surrounding the overlaps identified HgaI recognition sites (underlined) consistent with these overlaps being due to the intended filling-in of an HgaI digestion. The fragments at the junction between fragments 3 and 4 were more complex due to two HgaI recognition sites being close together in the DNA sequence. However, in such a situation, digestion at one site destroys the other, such that the overlap can still be identified in some clones. The dotted underlined GATC motif at the end of fragment 4 is the end of the original XhoII fragment. (iv and v) The unique fragment overlaps introduced into the clones allowed the fragments to be ordered into a contig and gel-free restriction map which was confirmed by PCR analysis. Thus, sense primers designed to fragments 1-4 were able to amplify a fragment when PCR was performed with an antisense primer from fragment 4, indicating that the deduced fragment orientations are correct. Moreover, the sizes of the amplified fragments are consistent with the order of the fragments in the deduced contig. PCR conditions were 34 cycles at 98_C for 1 min, 47_C for 1 min and 72_C for 2 min. Lane M: 100 bp DNA ladder standards. PCR reactions: lane A: GR118 GCATCTGGAGAGCTATG and GR110 GCAG-GACCCCTGCAGG; lane B: GR127 TTGTGGGGACGCGTCCGG and GR110; lane C: GR125 GCAGCTGCCAGGATTTGG and GR110; lane D: GR115 ATCAGCGATCAGAGACCT and GR110. known contig and this information may facilitate gap closure efforts. Finally, overlapping sites do not appear to inhibit contig assignment by our technique. This is because digestion at one site destroys the other and so the contig can still be deduced from a proportion of clones (Fig. 1) .
The key to extending the range of overlapping TA cloning is to identify more restriction enzymes which leave long 5′ over-hangs away from their recognition sequence. We hope that this method may be of use to individual investigators who need to perform sequencing of small genomic fragments or large cDNA clones, whereby it provides an efficient and rapid means for ordering fragments without necessarily depending on restriction mapping.
